Abstract
Introduction
The visual P300 is an event-related potential (ERP) elicited by a visual stimulation, peaking 240-600 ms after stimulus onset. The experiment was designed to validate the game design of Brain Invaders (1), a visual P300 Brain-Computer Interface inspired by the famous vintage video game Space Invaders (Taito, Tokyo, Japan). The Brain Invaders is based on a P300-based brain-computer interface (BCI) working on a PC. In (1,2) these data were classified using the xDAWN spatial filter (4) . This experiment features a training-test mode of operation and both a longitudinal and transversal design. An example of applications of this dataset can be seen in https://github.com/plcrodrigues/py.BI.EEG.2013-GIPSA. Other datasets of Brain Invaders experiment are presented in (5, 6) . For example, reference (5) features both a training-test (classical) mode of operation and a calibration-less mode of operation, as described in (7) (8) (9) . This is the first experiment ever carried out using the Brain Invaders. The complete list of experiments is available at https://sites.google.com/site/marcocongedo/science/eeg-data.
Participants
26 subjects participated in the experiment (7 females), with mean (sd) age 24.4 (2.76). The youngest subject was 21 and the oldest 31. One subject was excluded from the study due to material issues during the experiment. Half of them played games occasionally, that is, around 4.5 hours a week. All subjects were volunteers recruited by means of flyers and of the mailing list of the University of Grenoble-Alpes. All participants provided written informed consent confirming the notification of the experimental process, the data management procedures and the right to withdraw from the experiment at any moment. use an electrode as reference, rather, a, hardware common average reference is used. The amplifier was linked by USB connection to the PC where the data were acquired by means of the software OpenVibe (10, 11) . Data were acquired at a sampling frequency of 128 samples per second. For ensuing analysis, the application tagged the EEG using software tagging. The tags were sent by the application to the OpenVibe plateform thanks to the Boost inter-process messaging (12) . Note that the tagging process introduces a jitter and a latency which artificially modify the ERPs onset. These belong to the hardware and software components of the experiment. In particular, a disadvantage of software tagging is a strong drift over time, resulting in higher jitter (2,13). As a consequence, it is only possible to compare the ERP acquired within the same experimental conditions when the latency is not corrected (14) . For all subjects, the experiment took place in a small room of four-m² surface, containing the PC screen and all the required hardware materials for acquiring the EEG data. The subject was sitting at a distance of 75 to 115 cm from the screen. The EEG headset was placed on all subjects, and the integrity of the whole recording pipeline was checked by performing preliminary tests. The experimenter controlled the session from an adjacent room equipped with a one-way glass window.
Material
Before experiment onset, the subjects were instructed to limit eye blinks, head movements and face muscular contractions, which disrupt the EEG signal. In order to help the subjects maintaining concentration, the subjects were asked to silently count the number of Target flashes.
Each subject participated in a Training and Online session. In the training session the Target alien was chosen randomly at each repetition through the use of a predefined randomised list. The player played all levels for a minimum of three and a half minutes. To be more precise, rather than loading the next level when the Target had been hit, the level was repeated until the minimum time had passed; after three-and-an-half-minutes had elapsed, the level would no longer be reload once the Target was hit. We choose this timeframe because it results in a minimum of four rounds in the worst-case scenario. In order to counter-balance learning and difficulty effects, half of the players played the levels in reverse order (so they played the level estimated most difficult first and the one deemed easier at the end of the experiment, instead of vice versa).
Organisation of the Dataset
For each subject we provide two mat (MathWorks, Natick, US) and csv files containing the complete recording of the Training and Online sessions. Each file is a 2D matrix where the rows contain the observations at each time sample. Columns 2 to 18 contain the recordings on each of the 17 EEG channels (16 electrodes plus a ground) which order is reported in We supply an online and open-source example working with Python (15) and using the analysis framework MNE (16, 17) and MOABB (18, 19) , a comprehensive benchmark framework for testing popular BCI classification algorithms. This example shows how to download the data and classify 1s non-Target and Target epochs of signals. This database has been used in the development of Brain Invaders 2 (20) , a complete state-of-the-art P300-based BCI chain for single and multi-users.
